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SYRACUSE
I. OBJECT OF STUDY, MATERIAL, METHOD
The object of our study was to determine the general incidence,
and, as far as possible, the actual causes of delayed emptying of the
stomach as met with in general practice. For this purpose we reviewed
the records of 1,600 patients complaining of disturbances of digestion.
Not all of these were suffering from actual lesions of the digestive
tract. Many patients, as might be expected, had their primary source
of trouble in other systems, such as the pulmonary, cardiorenal, or
nervous.
The diagnosis of delayed emptying was made from the evidence
furnished by tube or Roentgen-ray examinations, or both. For the
tube test, the patients were asked to eat an "ordinary dinner" of soup,
potato, meat, bread and butter, and a simple dessert such as rice pud-
ding. As substitutes for such a meal, where necessary, we employed
a "breakfast" of eggs, toast and cereal, or a "light lunch" (omitting
meat; otherwise the same as the dinner). A stomach residue obtained
seven hours after the dinner,1 six hours after the lunch, or five hours
after the breakfast, was regarded as pathological. The actual choice of
food was always left to the patient, our purpose being to have him
select a meal that he would ordinarily (namely, when well) dispose of
without symptoms. Moreover, the patient was simply instructed to
*Submitted for publication Jan. 12, 1916.
1. The reason for taking seven hours as the outer limit of the normal is,
first, because it is known that the normal stomach digests food ordinarily con-
sidered difficult in less than six hours ; and secondly, because our meals are so
arranged that rarely over six hours elapses between them. The normal stomach
is no doubt capable of considerable latitude in the quantity of food it can hold.
The weak or sick stomach, on the other hand, objects to undertaking the diges-
tion of the new meal before it has disposed of the old. The symptoms may be
due either to the increased load or to the disturbed chemistry, the gastric
secretions at the end of digestion being different from what they are at the
beginning.
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take the meal in question, and to present himself after the appropriate
interval, not having partaken of food or drink in the meantime. The
exact nature of the examination was usually not disclosed. Finally,
as the tube had generally been passed at least twice before (aspiration
of fasting stomach and of Ewald test breakfast), it is believed that the
psychic factor was reduced to a minimum.
The Roentgen-ray diagnosis of the condition was made from a
visible residue six hours after the ingestion of the Rieder meal. In
our earlier cases we used 50 gm. of bismuth subcarbonate in 300 gm. of
cereal. Subsequently we employed 100 gm. of barium sulphate in cereal
or in 500 c.c. of buttermilk. In accordance with other workers we
found the emptying time of all of these combinations to be practically
the same under similar circumstances.
We believe that the Roentgen-ray investigation of gastric emptying
should always be supplemented by the use of the stomach tube2 after
the administration of "natural" motor meals as suggested above.
Since our adoption of this practice we have discovered the existence
of delayed emptying in a surprisingly large number of individuals who
got rid of their opaqe meal within the normal time limits. These cases,
which numbered thirty in our series, or about 21 per cent, of the total,
have been indicated by a star for more ready differentiation in the
accompanying large table. To be sure they represent the milder forms
of delay due generally to pyloric spasm (occasionally to atony of the
stomach), and not to actual obstruction. Although of little interest to
the surgeon they are of great importance to the patient, and their exis¬
tence should be borne in mind by the student of this condition.
II. THE INCIDENCE OF DELAYED GASTRIC EMPTYING
General Incidence.—In our total of 1,600 cases presenting gastric
symptoms, delayed emptying of the stomach occurred 185 times, a gen¬
eral incidence of 11.5 per cent.3
Sex Incidence.—The sex and age incidence were computed from a
total of 898 gastro-intestinal cases examined roentgenologically. Of
the 483 men in this group, 78, or 16.1 per cent., showed delay. Of the
2. Bassler (Diseases of the Stomach and Upper Alimentary Tract. Phila.,
F. A. Davis Co., 1913, p. 213) and Cole (Relation of Lesions of the Small
Intestine to Disorders of the Stomach and Cap as Observed Roentgenologically,
Am. Jour. Med. Sc., 1914, cxlviii, 92) have recommended the addition of an
opaque substance to an "ordinary" meal, and employ only the Roentgen ray in
this diagnosis.
3. For the purpose of more careful study and for the compilation of some
of our data, we selected from the total 185 cases, 141 which were studied
roentgenographically. These will be referred to hereafter as the "Roentgen-ray
series." Protocols of these cases are given in tabular form at the end of the
article (Table 2).
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415 women, 63, or 15.1 per cent., were slow in emptying their
stomachs. This slightly greater frequency in man is perhaps due to
the higher incidence of duodenal ulcer.
Age Incidence.—Of 464 patients under 40 years, 62, or 13.3 per
cent., showed delay, whereas of 252 men 40 or over, 48, or 19 per cent.,
incidence was 79, or 18.2 per cent. The distinctly greater frequency in
later years is explained possibly by the practical limitation of cancer
to that period of life. In addition, obstructing ulcers are more fre¬
quent as age advances.
Age and Sex.—The distribution of the delay cases in regard to both
age and sex was as follows : Of 231 men under 40, 30, or 12.9 per
cent., showed delay, whereas of 252 men 40 or over, 48, or 19 per cent.,
came under this head. Of 233 women under 40, 32, or 13.7 per cent.,
showed delay, whereas of 182 women 40 years or over, 31, or 17.6 per
cent., were slow in emptying their stomachs. For some reason delayed
gastric emptying seems to be more common in women than in men
under 40 years, a finding not in accord with the generally higher inci¬
dence in the male sex.
III. THE CHIEF FACTORS INFLUENCING GASTRIC EMPTYING
The chief factors influencing gastric emptying may be enumerated
categorically as follows :
1. Shape of stomach. 4. Acidity of gastric juice.
2. Character of meal. 5. Nervous factors.
3. Tone of stomach. 6. Mechanical obstruction.
Shape of Stomach.—As a general rule it is safe to say that the
nearer the pylorus is to the lower pole, the sooner will the stomach get
rid of its contents. Thus, a cow-horn stomach (pylorus at lowest point)
will empty itself of the Rieder meal in two to three hours. As the fish¬
hook type is approached, the time lengthens to four or five hours. On
the other hand, that a high placed pylorus (so-called water-trap
stomach) will in itself cause pathological increase in the emptying1
time is, to say the least, not easy to prove. Theoretically, of course,
it may be possible, and it has recently been claimed (Satterlee and
LeWald4) that the water-trap stomach may be a rather prominent
factor in producing delayed gastric emptying. We have carefully
studied and measured over 350 plates with this point in view, but have
been unable fully to confirm this finding. In only one of our 185 cases
was a water-trap stomach the only pathological condition present, and
4. Satterlee, G. R., and LeWald, L. T.: One Hundred Cases of Water-Trap
Stomach, Jour. Am. Med. Assn., 1913, lxi, 1340.
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we are forced to conclude, therefore, that in most, if not all, cases of
"hypomotility" associated with the peculiarity in question, the cause
of the delay must be sought for in some other factor than in the abnor¬
mal shape of the organ.
Character of the Meal.—The amount, chemical nature, and physical
form of the food selected, each play an important rôle in determining
the emptying time. Thus, an opaque meal of the ordinary bulk leaves
the stomach sooner than a full dinner ; carbohydrates leave sooner than
proteins or fats ; fluids sooner than solids.
Tone of Stomach.—Normally the stomach "grasps" its contents
firmly, and is seen roentgenographically to be filled to the cardia. This
so-called peristaltic function of Stiller is impaired in muscular weak¬
ness (atony or myasthenia gastrica). The Roentgen-ray appearance in
this condition is characteristic. The stomach is generally, though of
course not necessarily, ptosed, the Magenblase long and pyriform; the
pars media is the narrowest portion of the organ, the walls often being
in contact. Both the transverse and vertical diameters through the
incisura angularis are excessive. In contrast to the normal state, the
stomach looks and fills like a sack. The peristalsis is generally, though
not necessarily, diminished ; the essential feature, however, is the
inability of the organ to accommodate itself to the size of the load.
Atony of the circular fibers, in which the stomach enlarges laterally
instead of longitudinally (Todd5), is probably of less clinical impor¬
tance than the type just described.
Atony is rightly regarded as a prominent cause for the inability of
the stomach to propel its contents forward. Of 240 cases of atonic
stomach, 73, or over 30 per cent., failed to expel the Rieder meal in the
proper interval. Conversely, over one-half (54.6 per cent.) of the
Roentgen-rayed cases of delayed emptying showed atony. In many
instances (see Section IV) this was the most prominent, and very
often the only, organic finding.
.
Acidity of Gastric Juice.—Although this factor might theoretically
be grouped under the head of nervous influences, it seems better for
practical purposes to consider it in a section by itself. Generally speak¬
ing, the less the acidity, the more rapid the emptying, and the higher the
acidity, the slower the emptying. Thus, in "anacidity" we speak of a
loss of the pyloric reflex, and in "hyperacidity," of a spasm of the
pylorus.
In order to obtain a more precise idea of these relationships we
calculated the incidence of delayed emptying in our "anacidity" cases
5. Todd, T. W.: The Clinical Anatomy of the Gastro-Intestinal Tract. New
York, Longmans, Green & Co., 1915, p. 89.
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on the one hand, and in our "hyperacidity" cases on the other, and com¬
pared these findings with the general incidence of delayed gastric
emptying.
Of 154 "anacidities" 14, or 9 per cent., showed delay ; of .748 "hyper¬
acidities" 78, or 10.4 per cent., showed delay. However, the interfering
influence of obstruction, at least, should be considered. Making a rotigli
correction for this factor by subtracting from each group those cases
showing the presence of food in the fasting stomach, the figures become
4.5 per cent, for the former, and 9.4 per cent, for the latter. Thus the
incidence of delayed gastric emptying is twice as great in nonobstruc-
tive "hyperacidity" cases as it is in nonobstructed stomachs with
"anacidity."
Nervous Factors.—The nervous system may influence the emptying
of the stomach in two possible ways. The first and most important is
by the closure of the pyloric sphincter in response to some irritant. In
many, though by no means in all, cases, the expression of this irritant
seems to be an "increased acidity" of the gastric juice. Clinically,
spasm may arise directly from causes within the stomach, such as ulcer,
or "reflexly" from causes without the stomach, as in disease of the
gallbladder. Roentgenoscopically, pylorospasm is often associated with
hyperperistalsis.
Another type of nervous disturbance connected with retarded pro¬
pulsion is that which occurs in fatigue, emotional states, or intoxica¬
tions. This is to be distinguished from the first type in that the cause
is general or systemic and the pathological condition is probably one
of entire inhibition of gastric activity. Thus, it has been shown that
in frightened animals the secretory as well as the motor functions are
held in abeyance. This point will be discussed further (Section V).
Mechanical Obstruction.—Foreign bodies, hair balls, for example,
seem seldom to obstruct the lumen of the stomach sufficiently to cause
delay in emptying. Within the wall of the stomach the most frequent
causes are new growths or cicatrized or indurated ulcers at the pylorus.
Edema of the gastric wall as a result of ulcer is a possible cause of
delay, though clinically this cannot be distinguished from spasm. The
chief extragastric factors are tumors or adhesions usually located in
the neighborhood of the pylorus. These may of course act reflexly by
interference with the nerve supply.
IV. THE IMMEDIATE OR ACTUAL CAUSES OF DELAYED GASTRIC
EMPTYING
For all practical purposes, there are but three immediate causes of
delayed gastric emptying. They are, in the order of their frequency,
spasm, obstruction, and atony. Their respective incidence in our
Roentgen-ray series was as follows :
Downloaded From: http://archinte.jamanetwork.com/ by a University of Manitoba User  on 06/15/2015
/. H. LEVY—J. L. KANTOR 481
Per
Cases Cent.
Spasm. 83 or 58.8Obstruction. 30 or 21.2
Atony 24 or 17.0
Undetermined. 4 or 2.8
Naturally, two or even all three of these causes may be present at the
same time. In computing the foregoing figures only the most promi¬
nent cause was used in each instance.
V. DISEASES PREDISPOSING TO DELAYED GASTRIC EMPTYING
The clinical conditions met with, and perhaps responsible for, the
delayed gastric emptying in our entire series of 185 cases, are presented
in the accompanying table (Table 1). Unfortunately, we were unable
to control these findings in many instances by repeating the tests after
the presumptive cause was removed. Although the individual diagnosis
may be open to objection, we feel that our conclusions in general are as
nearly accurate as work done under the conditions of ordinary practice
will permit. It should be mentioned also that the groups into which
our cases are divided are not necessarily mutually exclusive. Thus,
many of the patients presented more than one of the seventeen condi¬
tions or diseases considered in the table. For the sake of simplicity,
however, only the most prominent condition was considered in each
case in working up the material.
TABLE 1.—Clinical Diagnosis in 185 Cases of Delayed Gastric Emptying
Disease
1. Ulcer. 75
2. Diagnosis not clear... 25
3. Unexplained high
acidity. 17
4. Autointoxication (in¬
cluding migraine).. 14
5. Carcinoma of stomach 14
6. Ptosis with atony.... 13
7. Cholelithiasis. 7
8. Adhesions (intestinal) 5
9. Tuberculosis (sys¬
temic, including
pulmonary) . 4
Per Per
Cases Cent. Disease Cases Cent.
10. Chronic appendicitis. 2 1.0
11. After gastro-enteros-
tomy. 2 1.0
12. Extragastric pressure 2 1.0
13. Carcinoma of colon.. 1 0.5
14. Mucous colitis. 1 0.5
15. "Constipation". 1 0.5
16. Nephrolithiasis(?) ..1 0.5
17. Apprehension neurosis 1 0.5
40.5
13.5
9.1
7.5
7.5
7.0
3.7
2.7
2.1
Gastroduodenal ulcers seem to be responsible for about half the
cases of delayed emptying. Our incidence of 40.5 per cent, represents
a conservative estimate, since all doubtful cases were thrown into one
of the two following groups : A positive diagnosis of duodenal ulcer
was made in thirty-eight cases, or in 50.6 per cent, of the series.
Obstructing ulcers at the pylorus (food in fasting stomach) occurred
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twenty-five times, or in 33.3 per cent, of the cases. Thus a reasonably
certain diagnosis of the situation of the ulcer was made in 84 per cent,
of the cases.
Cases of autointoxication with so-called bilious or migraine attacks
formed a fairly large group in the series. Although well known to
special writers on the subject (an interesting chemical study of a case
is reported by Harley and Goodbody6), the frequency of the association
of this condition with delayed emptying of the stomach is perhaps not
fully enough appreciated. The relief obtained by many of these patients
from vomiting is a striking illustration of the intimacy of this relation¬
ship. Just what this relationship is as regards cause and effect, we are
not able to say. All of our cases happened to be examined in the inter¬
val between attacks.
The carcinoma cases were of the obstructing type situated at the
pylorus. The colloid variety, which can be diagnosed readily, and in
most cases only, by the Roentgen ray, is of course associated with
gastric "hypermotility."
The group designated "ptosis and atony" is of great interest. It
includes those cases of "asthenia universalis" so well described by
Stiller.7 The recognition and correction of both the underlying condi¬
tions completely change the outlook for many of these sufferers. One
of the women in this category was lactating at the time of the exami¬
nation. It is interesting to speculate how much this state had to do
with the gastric delay. As long ago as 1883, v. Leube8 pointed out
that menstruation was in itself likely to increase the emptying time
of the stomach.
In two of the patients operated on for cholelithiasis a large, tense
gallbladder was found. It is possible that the delay may have been
due to actual pressure as well as to reflex spasm.
The tuberculosis cases were made up as follows : Three were pul-
monary, two, strange to say, with achylia; the fourth was a case of
bone tuberculosis. A fifth case, with gastric ulcer, had lesions of the
kidney and testicle. If the "hypomotility" in these cases is really due to
the tuberculosis it may be assumed that the delay is brought about
by a severe systemic intoxication. This may therefore be an illustra¬
tion of the second type of nervous disturbance described in Section III.
Chronic appendicitis was not often met with in our series. We made
a positive diagnosis in but two cases (1 per cent.), a rather low inci-
6. Harley, V., and Goodbody, F. W.: The Chemical Investigation of Gastric
and Intestinal Diseases. London, E. Arnold, 1906, p. 83.
7. Stiller, B.: Enteroptose im Lichte eines neuen Stigma neurasthenicum,
Arch. f. Verdauungskr., 1896, ii, 285.
8. Von Leube, W.: Beitr\l=a"\gezur Diagnostik der Magenkrankheiten, Deutsch.
Arch. f. klin. Med., 1883, xxxiii, 8.
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dence, but apparently in keeping with the findings of Carman and
Miller.9
A further comparison of our findings with those of the Mayo Clinic may be
made from the following table :
Disease Incidence in "Hypomotility" Series
Carman and Miller Levy and Kantor
Lesions of the appendix.... 1.2 1.0
Lesions of the gallbladder... 5.0 3.7
Gastroduodenal ulcer. 57.0 50.0 (estimated)
Gastric cancer. 36.0 7.5
"Nonsurgical" conditions. 36.4
In the two cases of delayed emptying following gastro-enterostomy,
the indications for the operation were by no means clear in the first
place.
The two cases of extragastric obstruction were, respectively, an
extensive retroperitoneal sarcoma in a negro, and a very large liver and
spleen of undetermined etiology in a boy of 7.
Lesions of the intestine are supposed to cause gastric delay
reflexly, perhaps through pylorospasm. Our series includes, in addition
to appendicitis, cases of adhesions, carcinoma of the colon, mucous
colitis10 and severe constipation. In all, lesions of the intestine were
present in over 5 per cent, of our cases of delayed gastric emptying.
The association of the phobias (apprehension neurosis) with diges¬
tive disturbances is no new observation. Oppenheim11 mentions an
interesting case of astrophobia which presented the symptoms of weak¬
ness, nausea, and vomiting. The patient's 8-year-old son was not afraid
of storms, but showed the same digestive disturbances as his mother.
Both of our patients were afraid of crowds. One of the cases was
associated with autointoxication. We have records of seven other cases
with digestive symptoms but without delayed gastric emptying. A pos¬
sible explanation of the "hypomotility" in this condition may lie in the
fact that the emotional state in these patients is in reality one of chronic
fear, analagous to the acute fear induced in the animals observed by
Cannon.12 Here there was noted complete absence of peristalsis. This
seemed to be the case in one of our patients ; in the other the peristalsis
was hyperactive.
9. Carman, R. D., and Miller, A.: The Roentgenologic Determination of
Gastric Motility, The Archives Int. Med., 1915, xvi, 406.
10. Herschell (Indigestion. London, H. J. Glaisher, p. 104) makes much of
the association of mucous colitis with gastric myasthenia. The bowel symptoms,
which would naturally follow from gastric "hypomotility" from any cause, are
the result of the continuous discharge into the intestine of improperly digested
material.
11. Oppenheim, H.: Lehrbuch der Nervenkrankheiten. Berlin, 1913, p. 1521.
12. Cannon, W. B.: The Mechanical Factors of Digestion. New York, Long-
mans, Green & Co., 1911, p. 217; Bodily Changes in Pain, Hunger, Fear, and
Rage. New York, D. Appleton & Co., 1915, p. 16.
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Explanation of Abbreviations in Table 2
B=Motor breakfast (e. g., 7 h. B. lge.=large residue seven hours after
motor breakfast).
D=Motor dinner.
F=Food.
F. M.=Female, married.
F. S.=Female, single.
h=Hours.
L=Motor lunch.
M=Male.
An asterisk (*) means tube residue but no Roentgen-ray residue.
A dash (—) means absence of data.
Wherever possible, exact figures are given. Thus, 500 F. means 500 c.c con¬
tents with food. Otherwise, descriptive terms are used, as slight (si.), moderate
(mod.), large (Ige.). A zero means the absence of a condition
—
in the "X-Ray-
residue" column it means no six hour residue
—
a plus sign the presence of
the condition ; two plus signs its presence in a marked degree.
In the "Fasting Contents" column an amount under 50 c.c is considered
normal, over 50 c.c. is hypersécrétion ; exact figures being given where available.
In the "Acidity" column "hyper" means hyperchlorhydria, hyperacidity, or both.
"Hypo" means hypochlorhydria, hypoacidity, or anacidity. The normal limits
implied are : Free HC1 20 to 40 degrees ; total acidity 40 to 60 degrees.
Our clinical findings may be summarized by saying that 74 per cent,
of the cases of delayed gastric emptying were due to causes residing
within the digestive tract, whereas 25.1 per cent, were due to causes
outside the tract. The stomach itself was the seat of the trouble in
65.1 per cent, of the cases.
VI. CONCLUSIONS
1. A rational test for gastric emptying should be based on the
patient's ability to get rid of a meal of ordinary bulk and complexity in
the usual period, namely, in about seven hours. The "fasting contents"
tube test, and the Roentgen-ray test, as commonly employed, are not
sufficiently delicate for many clinical purposes.
2. Approximately one in every eight or nine patients with digestive
complaints suffers from delayed gastric emptying.
3. The chief factors to be considered in working out a case of
delayed gastric emptying are: (a) shape of stomach, (b) character of
motor meal, (c) tone of stomach wall, (d) acidity of gastric juice,
(e) nervous influences, (f) mechanical obstruction.
4. The immediate causes of delayed gastric emptying and their rela¬
tive frequency are : (a) spasm of pylorus in 58.8 per cent, of the cases,
(b) obstruction at pylorus in 22.2 per cent., (c) atony of stomach in
17 per cent.
5. The conditions most commonly predisposing to or associated with
delayed gastric emptying are: (a) ulcer in about 50 per cent, of the
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cases, (b and c) autointoxication and gastric cancer, each 7.5 per cent.,(d) ptosis with atony, 7 per cent., (e) cholelithiasis, 3.7 per cent.
6. The causes of delayed gastric emptying are located in the stomach
in 75.3 per cent, of the cases, elsewhere in the digestive tract in 10.3
per cent., and outside the digestive tract in 13.4 per cent.
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